Presence and identity of secondary metabolites are two of the main components of lichen taxonomy. Aromatic compounds formed via the acetyl-polymalonate pathway are the most studied lichen substances. In addition, compounds derived from the mevalonic acid pathway (e.g. terpenes and steroids) are sometimes detected in the medulla. However, their identity and value as diagnostic characters in the genus Usnea are yet poorly understood despite the fact that they were mentioned in several taxonomical papers. We conclude that i) aside from the previously recognized polyphenolic compounds, carbohydrates and steroids are also detected in the medulla of some Usnea species; ii) the use of sulfuric anisaldehyde reagent greatly improves the detection of terpenes, carbohydrates and steroids compared with the sulfuric acid reagent routinely used in thin layer chromatography; iii) among carbohydrates, we detected arabitol and sucrose in the medulla; iv) steroids and terpenes remain unidentified and deserve further investigations.
Introduction
The identification of secondary metabolites in lichens is useful in the identification of various groups of lichens [1] and in the detection of potential bioactive compounds, e.g., antioxidants and UV filters [2] [3] [4] . There is an extensive literature on the chemistry of lichens [5] [6] [7] and ca. 1050 lichen [8] compounds were so far described.
The majority of these lichen substances are aromatic compounds formed via the acetylpolymalonate pathway (e.g β-orcinol-depsidones; β-orcinol-depsides) and they are produced in various amounts. In the genus Usnea, the dibenzofuran usnic acid is always present in the cortex of the lichen, whereas depsides (e.g. barbatic, diffractaic, thamnolic, squamatic acids), and depsidones (e.g. constictic, fumarprotocetraric, galbinic, norstictic, protocetraric, psoromic, salazinic, stictic acids) are secondary metabolites that are commonly found in the medulla. In addition, compounds derived from the mevalonic acid pathway (e.g. terpenoids and steroids) are sometimes detected in the medulla [5] . However, their identity and value as diagnostic characters in the genus Usnea are yet poorly understood. Among the terpenoids, triterpenes (e.g., zeorin) constitute the largest number of compounds isolated from lichens [9] . Their presence in the genus Usnea was mentioned in several systematics studies [10] [11] [12] [13] . More recently, [14] detected distinct patterns of terpenoids/steroids in Neotropical species of Usnea, highlighting their importance for species identification in this genus. Despite being frequently mentioned in the literature, terpenoids and steroids in the lichen genus Usnea still remain poorly understood, and their presence is for instance not mentioned by Elix (2014) . Unfortunately, they do not show any reaction with the classical color tests used in lichenology (K, C, KC, P) and most of them remain unidentified. Using traditional thin-layer chromatography, accurate detection of terpenoids and steroids is not an easy task: after burning at 100°C the TLC plates sprayed with H2SO4 they appear as various, sometimes barely visible fluorescent spots under long wavelength (350 nm) with different colors. However the intensity of the spots is fading quite rapidly. Moreover, terpenoids might be however confused with steroids which look very similar [5] .
Because accurate detection of these non-aromatic compounds with sulfuric acid is doubtful, we tested another spray reagent called the anisaldehyde sulfuric acid reagent (ANS) instead. The use of this reagent is more informative, when the presence of terpenoids/steroids is suspected because: i) it reveals specific colors for monoterpenes, triterpenes and steroids; ii) a second revelation with thymol sulfurique helps to distinguish them from carbohydrates; iii) the aromatic compounds (e.g. usnic, stictic, salazinic acids) appear with specific colors. This chemical study is framed within a bigger project of the systematics of the genus Usnea in Brazil (PhD dissertation from the first author). This is the first attempt to test and evaluate the presence of terpenoids/steroids in Brazilian samples of this genus.
Material & Methods

Lichen Material
A total of 20 specimens of Usnea malmei Motyka (H18, H19, H20, H21, H22, H52, H54, H55, H58, H59, H60, H61), U. moreliana Motyka (H13, H14, H62, H64) and U. papillata Motyka (H51, H53, H56, H57) (Parmeliaceae) collected in Brazil were analyzed. All these specimens have a K-, P-, C-, KC-reacting medulla [15] .
Thin-layer chromatography (TLC)
A first round of TLC was done at the CJBG (Switzerland) as follows: Secondary compounds were extracted in acetone, boiled and spotted several times (ca. 10) onto Merck silica gel 60 F254 glass plates. Chemical analyses were performed in three routinely used solvent systems: A (toluene/ dioxane/ acetic acid: 180:45:5), B (n-hexane/MTBE/ formic acid-65:40:10) and C (toluene/ acetic acid-200:30) [16, 17] . After brief drying, the plates are visualized on UV light (254 nm and 365 nm) and are sprayed with a stable solution of anisaldehyde sulfuric reagent (ANS: anisaldehyde/acetic acid/methanol/sulfuric acid-0.5:10:85:5) until wet, and then heated at 110ºC until development of spots, which were visualized on visible light [18] . We identified when possible the family class according to the colors and retention value (Rf).
When the presence of other family classes was suspected, fragments of samples were send to the University of Rennes (France), where a second round of TLC was done. First of all, several experimental tests were done with different solvent systems and spray reagents and at different concentrations. For specimens for which the presence of carbohydrates was suspected the experimental tests were done as follows: secondary compounds were extracted in chloroform/acetone/methanol (1/1/1); the extracts obtained were evaporated, weighted (data not showed) and solubilized in bidistilled tetrahydrofuran to obtain 10 mg/ml solutions (data not showed). The following four controls were used (10 mg/ml): arabitol, mannitol, ribitol, and sucrose. Automatic samples application was done for tested samples (6 µl) and controls (2 µl) on silica plates (Merck silica gel 60F254) thanks to the CAMAG automatic TLC sampler 3 (ATS3). The plates were then eluted using two solvent systems: i) D (ethyl acetate/formic acid /acetic acid /water -100/11/11/27); ii) E (butanol-1/acetone/water-5/4/1) [16] . Then, plates were sprayed with two different spray reagents: thymol sulfuric acid [18] and anisaldehyde sulfuric acid (anisaldehyde/acetic acid/methanol/sulfuric acid-0.5:10:85:5).
Specimens suspected to contain terpenoids or steroids were tested in the following way: secondary compounds were extracted in chloroform/acetone/methanol (1/1/1); the extracts obtained were evaporated, weighted (data not showed), and solubilized in the bidistilled tetrahydrofuran to obtain 5 mg/ml solutions (data not showed). The following controls were used (3 µL of 5 mg/ml): eucalyptol, linalool and α-pinene (monoterpenes); hopane-triol, lanosterol and zeorin (triterpenes) as well as cholesterol and ergosterol (steroids). Automatic samples application on silica plates was used for the tested samples (15 µl) and the controls (3 µl). The plates were then eluted using two solvent systems: i) TAE (toluene/ethyl acetate-97/3) and ii) G (toluene/ethyl acetate/formic acid-139/83/8) [6] . Finally, the plates were sprayed with anisaldehyde sulfuric acid.
Results
Some standards (linalool, hopane-triol, ergosterol) were spotted on the TLC plates. When sprayed with ANS reagent, it can be noted that color of monoterpenes was different than for triterpenes and than for steroids. After revelation and heating, monoterpenes, triterpenes and steroids appeared as blue, purple and gray spots, respectively. The color of the spots for carbohydrates/polyols could be confused with those of monoterpenes but they could be easily distinguished thanks to the use of another reagent called sulfuric thymol. In this case, the spots of carbohydrates and polyols appeared as pink ± red. The aromatic compounds could be revealed under UV at 254 nm and after spraying ANS, specific colors appeared as purple for usnic acid, red for evernic acid and yellow for stictic acid. We detected the presence of carbohydrates in all samples of the three species analyzed. Arabitol and sucrose are present in U. malmei, U. moreliana and U. papillata; while mannitol was only found in one specimen of U. malmei. Some steroids and monoterpenes were found in U. malmei and U. papillata while some triterpenes were found in U. moreliana. (Table 1 ). 
Discussion and conclusions
Prior to this study, several patterns of substances considered as being triterpenes were detected in Neotropical Usnea species [14] especially specimens showing no reactions with the traditional reagents (K, C, and P) used in lichenology. Our study, however, shows that among these suspected triterpenes, carbohydrates and steroids are also present and that they are even relatively frequent among the tested species. Our study also shows that steroids and terpenes display the same kind of spots in forms and colors in the three solvent TLC system traditionally used by lichenologists. Therefore terpenes and steroids might have been confused in the taxonomical literature so far.
Among the carbohydrates, arabitol and sucrose are relatively frequent in the species studied (Figs., 1A-D) unlike mannitol. These primary metabolites are relatively common in lichens [9] . However, detection of carbohydrates by traditional TLC analysis [16] is difficult because they are often present in faint concentrations. Another difficulty is due to their polar nature which prevents their migration on the silica plates with the solvent systems (A, B, C) traditionally used. For example, the detection of sucrose in the analyzed samples was only possible with the butanol solvent system (Fig. 1D, very weak spots) , while solvent D allowed a better separation of arabitol and sucrose. Previously, the presence of ribitol, mannitol and arabitol was already shown in Usnea antarctica and U. fasciata [19] .
In the traditional TLC solvent systems, the use of ANS as spray reagent allowed us to detect a strong gray spot at the base of the heated plates in several species of lichens. On the plates sprayed with sulfuric acid (10%), routinely used as spray solvent, the same substance (carbohydrates) appears only under ultraviolet light (365 nm) as a fluorescent spot after charring. It was probably due to its fluorescence that this substance was misinterpreted as a terpene by [14, Fig. 2 , as U. malmei/U. papillata]. The same substance was not detected by the same authors in U. moreliana (Fig. 2 as U. rubricornuta) . Using the alternative spray solvent ANS, we were however able to show the presence of this sugar in this species (data not showed, very weak).
Besides carbohydrates, two other classes were found: steroids ( Fig. 2A ; gray spots) and terpenes: monoterpenes (Fig. 2B, very faint) and triterpenes ( Fig. 3; violet spots) . We found a high diversity of medullary compounds related to steroids/terpenoids, none of which corresponding to the controls used in this study. Both terpenoids and steroids displayed very similar pattern visualized as several gray-violet spots on the middle of the plates. Despite our efforts, these compounds remained unidentified and deserve further investigations. For instance, Usnea moreliana exhibited a typical pattern of unidentified triterpenes in the medulla (Fig. 3) , also found by [14, Fig. 2 , as U. rubricornuta) diagnostic for this species. Terpenes are common in various groups of lichens and were used for instance in the taxonomy of Nephroma [20] and Peltigera where 35 distinct terpenes were recognized [21] . Terpenes were also identified and used in the taxonomy of Physcia [22] .
In Usnea, however, although widely mentioned in the literature, the identity of terpenes remains poorly known. We found only reference to zeorin [12, [23] [24] [25] [26] and four other terpenes in Usnea longissima Ach. [26] . The presence and the nature of the terpenoids in this genus, therefore, deserve further investigations and using combination of high pressure liquid chromatography (HPLC) with an evaporative light scattering detector (ELSD) and mass spectrometer (MS) is in progress to identify them.
Finally, this study reveals the presence of two other classes of medullary compounds besides the terpenes widely mentioned in the literature. A few carbohydrates were identified but terpenes and steroids remain unidentified and deserve further investigations. Spraying the plates with ANS before charring improves the visualization of these classes of substances not easily seen with traditional methods. We therefore strongly recommend the use of the ANS spraying system as routine analysis aiming at detecting for taxonomy useful patterns especially in specimens with K-, C-and P-medullary reactions.
